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VASCULAR ENDOTHELIAL CELL GROWTH FACTOR ANTAGONISTS 

Field of the Invention 

The present Invention relates to vascular endothelial cell growth factor (VEGF) 
antagonists, to therapeutic compositions comprising the antagonists, and to methods of use 
5 of the antagonists for diagnostic and therapeutic purposes. 

Background of the Invention 
The two major cellular components of the vasculature are the endothelial and smooth 
muscle cells. The endothelial cells form the lining of the inner surface of all blood vessels, 
and constitute a nbnthrombogenic interface between blood and tissue. In addition, 
1 0 endothelial cells are an important component for the development of new capillaries and blood 
vessels. Thus, endothelial cells proliferate during the angiogenesis, or neovascularization, 
associated with tumor growth and metastasis, and a variety of non-neoplastic diseases or 
disorders. 

Various naturally occurring polypeptides reportedly induce the proliferation of 

1 5 endothelial ceils. Among those polypeptides are the basic and acidic fibroblast grovsrth factors 
(FGF), Burgess and Maciag, Annual Rev. Biochem., £8:575 (1989), platelet-den vv.:: 
endothelial cell growth factor (PD-ECGF), Ishikawa, si Nature, 338:557 (1989), and 
vascular endothelial growth factor (VEGF), Leung, §i^., Science 248:1306 (1989); Ferrara 
& Henzel, Biochem. Biophys. Res. Commun. 161:851 (1989); Tischer, fi!., Biochem. 

20 Biophys. Res. Commun. Jfig:! 198 (1989); Ferrara, fiX a!., PCT Pat, Pub. No. WO 90/13649 
(published November 15, 1990); Ferrara, £i si-. U.S. Pat. App. No. 07/360,229. 

VEGF was first identified in media conditioned by bovine pituitary follicular or 
foliiculostellate cells. Biochemical analyses indicate that bovine VEGF is a dimeric protein 
with an apparent molecular mass of approximately 45,000 Daltons, and with an apparent 

25 mitogenic specificity for vascular endothelial cells. ONA encoding bovine VEGF was isolated 
by screening a cDNA library prepared from such cells, using oligonucleotides based on the 
amino-terminal amino acid sequence of the protein as hybridization probes. 

Human VEGF was obtained by first screening a cDNA library prepared from human 
cells, using bovine VEGF cDNA as a hybridization probe. One cDNA identified thereby 

30 encodes a 1 65-amino acid protein having greater than 95% homology to bovine VEGF, which 
protein is referred to as human VEGF (hVEGF). The mitogenic activity of human VEGF was 
confirmed by expressing the human VEGF cDNA in mammalian host cells. Media conditioned 
by cells transfected with the human VEGF cDNA promoted the proliferation of capillary 
endothelial cells, whereas control cells did not. Leung, si fi!*! Science 246 :1306 (1989). 

35 Several additional cDNAs were identified in human cDNA libraries that encode 121-, 

189-, and 206-amino acid isoforms of hVEGF (also collectively referred to as hVEGF-related 
proteins). The 121 -amino acid protein differs frorp hVEGF by virtue of the deletion of the 44 
amino acids between residues 116 and 159 in hVEGF. The 189-amino acid protein differs 
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from hVEGF by virtue of the insertion of 24 amino acids at residue 116 in hVEGF, and 
apparently is identical to human vascular permeability factor (hVPF). The 206-amino acid 
protein differs from hVEGF by virtue of an inseaion of 41 amino acids at residue 116 in 
hVEGF. Houck, si al., Mol. Endocrin. 5:1806 11991); Ferrara, ej al.. J. Cell. Biochem. 
5 47:211 (1991); Ferrara, §t^.. Endocrine Reviews 13:18 (1992); Keck, a a!., Science 
246:1309 (1989); Connolly, a!., J. Biol. Chem. 264:20017 (1989); Keck,a aj., EPO Pat. 
Pub. No. 0 370 989 (published May 30, 1990). 

VEGF not only stimulates vascular endothelial cell proliferation, but also induces 
vascular permeability and angiogenesis. Angiogenesis, which involves the formation of new 
10 blood vessels from preexisting endothelium, is an important component of a variet\ oi 
diseases and disorders including tumor growth and metastasis, rheumatoid arthritis, psoriasis, 
atherosclerosis, diabetic retinopathy, retrolental fibroplasia, neovascular glaucoma, 
hemangiomas, immune rejection of transplanted corneal tissue and other tissues, and chronic 
. inflammation. 

1 5 In the case of tumor growth, angiogenesis appears to be crucial for the transition from 

hyperplasia to neoplasia, and for providing nourishment to the growing solid tumor. Folkmar., 
£1 al*# Nature i323:58 (1989). Angiogenesis also allows tumors to be In contact with the 
vascular bed of the host, which may provide a route for metastasis of the tumor cells. 
Evidence for the role of angiogenesis in tumor metastasis Is provided, for example, by studies 

20 showing a correlation between the number and density of mtcrovessels in histologic sections 
of invasive human breast carcinoma and actual presence of distant metastases. Weidner, si 
a!-. New Engl. J. Med. 324:1 (1991). 

In view of the role of vascular endothelial cell growth and angiogenesis, and the role 
of those processes in many diseases and disorders, it is desirable to have a means of reducing 

25 or inhibiting one or more of the biological effects of VEGF. It is also desirable to have a 
means of assaying for the presence of VEGF in normal and pathological conditions, and 
especially cancer. 

Summary of the Invention 
The present invention provides antagonists of VEGF, including (a) antibodies and 

30 variants thereof which are capable of specifically binding to hVEGF, HVEGF receptor, or a 
complex comprising hVEGF in association with hVEGF receptor, (b) hVEGF receptor and 
variants thereof, and (c) hVEGF variants. The antagonists Inhibit the mitogenic, angiogenic, 
or other biological activity of hVEGF, and thus are useful for the treatment of diseases or 
disorders characterized by undesirable excessive neovascularization, including by way of 

35 example tumors, and especially solid malignant tumors, rheumatoid arthritis, psoriasis, 
atherosclerosis, diabetic and other retinopathies, retrolental fibroplasia, neovascular glaucoma, 
hemangiomas, thyroid hyperplasias (including Grave's disease), corneal and other tissue 
transplantation, and chronic inflammation. The antagonists als are useful for the treatment 



-2- 



wo 94/10202 



PCr/US92/09218 



of diseases or disorders characterized by undesirable excessive vascular permeability, such 
as edema associated with brain tumors, ascites associated with mallonancles, l\^eigs' 
syndrome, lung inflammation, nephrotic syndrome, pericardial effusion (such as that 
associated with pericarditis), and pleural effusion. 
5 In other aspects, the VEGF antagonists are polyspecific monoclonal antibodies which 

are capable of binding to (a) a non-hVEGF epitope, for example, an epitope of a protein 
involved in thrombogenesis or thrombolysis, or a tumor cell surface antigen, and to (b) 
hVEGF, hVEGF receptor, or a complex comprising hVEGF in association with hVEGF receptor. 
In still other aspects, the VEGF antagonists are conjugated with a cytotoxic moiety. 
10 In another aspect, the invention concerns isolated nucleic acids encoding the 

monoclonal antibodies as hereinbefore described, and hybridoma cell lines which produce 
such monoclonal antibodies. 

In another aspect, the invention concerns pharmaceutical compositions comprising a 
VEGF antagonist in an amount effective in reducing or eliminating hVEGF-mediated mitogenic 
15 or angiogenic activity in a mammal. 

In a different aspect, the invention concerns methods of treatment compn.^ .5 
administering to a mammal, preferably a human patient in need of such treatment, a 
physiologically effective amount of a VEGF antagonist. If desired, the VEGF antagonist is 
coadministered, either simultaneously or sequentially, with one or more other VEGF 
20 antagonists or anti-tumor or anti-angiogenic substances. 

In another aspect, the invention concerns a method for detecting hVEGF in a test 
sample by means of contacting the test sample with an antibody capable of binding 
specifically to hVEGF and determining the extent of such binding. 

Brief Description of the Drawings 
25 Figure 1 shows the effect of anti hVEGF monoclonal antibodies (A4.6.1 or 62.6.2) or 

an irrelevant anti-hepatocyte growth factor antibody (anti-HGF) on the binding of the anti- 
hVEGF monoclonal antibodies to hVEGF. 

Figure 2 shows the effect of anti-hVEGF monoclonal antibodies (A4.6.1 or B2.6.2) or 
an irrelevant anti-HGF antibody on the biological activity of HVEGF in cultures of bovine 
30 adrenal cortex capillary endothelial (ACE) cells. 

Rgure 3 shows the effect of anti-hVEGF monoclonal antibodies (A4.6.1, 82.6.2, or 
A2.6.1 ) on the binding of hVEGF to bovine ACE ceils. 

Figure 4 shows the effect of A4.6. 1 antl hVEGF monoclonal antibody treatment on the 
rate of grovs^ of grov^h of NEG55 tumors in mice. 
35 Figure 5 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody treatment on the 

size of NEG55 tumors in mice after five weeks of treatment. 

Figure 6 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody (VEGF Ab) 
treatment on tiie grovy^ of SK-LMS-1 tumors in mice. 
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Figure 7 shows the effect of varying doses of A4.6.1 anti-hVEGF monoclonal antibody 
(VEGF Ab) treatment on the growth of A673 tumors in mice. Is shown in 

Rgure 8 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody on the growth 
and survival of NEG55 (G55) glioblastoma ceils in culture. 
5 Rgure 9 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody on the growth 

and survival of A673 rhabdomyosarcoma cells in culture. 

Figure 10 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody on human 
synovial fluid-induced chemotaxis of human endothelial cells. 

10 Detailed Description of the Invention 

The term "hVEGF" as used herein refers to the 165-amino acid human vascular 
endothelial cell growth factor, and related 121-, 189-, and 206-amino acid vascular 
endothelial cell growth factors, as described by Leung, £X^., Science 246 :1306 (1989), and 
Houck, £t al.. Mot. Endocrin.£:1806 (1991) together with the naturally occurring allelic and 

1 5 processed forms of those growth factors. 

The present invention provides antagonists of hVEGF which are capable of tnhibri.- 2 
one or more of the biological activities of hVEGF, for example, its mitogenic or angiogenic 
activity. Antagonists of hVEGF act by interfering with the binding of hVEGF to a cellular 
receptor, by incapacitating or killing cells which have been activated by hVEGF. or by 

20 interfering with vascular endothelial ceil activation after hVEGF binding to a cellular receptor. 
All such points of intervention by an hVEGF antagonist shall be considered equivalent for 
purposes of this invention. Thus, included within the scope of the invention are antibodies, 
and preferably monoclonal antibodies, or fragments thereof, that bind to hVEGF, hVEGF 
receptor, or a cornplex comprising hVEGF in association with hVEGF receptor. Also included 

25 within the scope of the invention are fragments and amino acid sequence variants of hVEGF 
that bind to hVEGF receptor but which do not exhibit a biological activity of native hVEGF. 
Also included within the scope of the invention are hVEGF receptor and fragments and aniino 
acid sequence variants thereof vyfhich are capable of binding hVEGF. 

The term "hVEGF receptor" or "hVEGFr" as used herein refers to a cellular for hVEGF, 

30 ordinarily a cell-surface receptor found on vascular endothelial cells, as well as variants 
thereof which retain the ability to bind hVEGF. Typically, the HVEGF receptors and variants 
thereof that are hVEGF antagonists will be in isolated form, rather than being integrated into 
a cell membrane or fbced to a cell surface as may be the case in nature. One example of a 
hVEGF receptor is the fms-like tyrosine kinase (fit}, a transmembrane receptor in the tyrosine 

35 kinase family. DeVries, gj a!.. Science 255:989 {1 992); Shibuya, gl §1., Oncogene 5:519 
(1990). The f\i receptor comprises an extracellular domain, a transmembrane domain, and 
an intracellular domain with tyrosine kinase activity. The extracellular domain is involved in 
the binding of hVEGF« whereas the intracellular domain is involved in signal transduction. 
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Another example of an hVEGF receptor is the fik-1 receptor (also referred to as KDR). 
Matthews, fiifll., Pr c. Nat. Acad. Sci. 88:9026 (1991); Terman, fll Oncogene 6:1677 
(1991); Terman, jBJ Blochem. Biophys. Res. Commun. 187 :1579 (1992). 

Binding of hVEGF to the ilt receptor results in the formation of at least two high 
5 molecular weight complexes, having apparent molecular weight of 205,000 and 300,000 
Daitons. The 300,000 Dalton complex is believed to be a dimer comprising two receptor 
molecules bound to a single molecule of hVEGF. 

Variants of hVEGFr also are included within the scope hereof. Representative examples 
include truncated forms of a receptor in which the transmembrane and cytoplasmic domains 

10 are deleted from the receptor, and fusions proteins in which non-hVEGFr polymers or 
polypeptides are conjugated to the hVEGFr or, preferably, truncated forms thereof. An 
example of such a non-hVEGF polypeptide is an immunoglobulin. In that case, for example, 
the extracellular domain of the hVEGFr is substituted for the Fv domain of an immunoglobulin 
light or (preferably) heavy chain,* with the C-terminus of the receptor extracellular domain 

15 covalently joined to the amino terminus of the CH1, hinge, CH2 or other fragment of the 
heavy chain. Such variants are made in the same fashion as known immunoadhesons. See 
e.g. . Gascoigne, SiSl-» Froc. Nat. Acad. Sci. 84-2936 (1 987); Capon, el ai., Nature 337 :525 
(1989); Aruffo, si Sl*» Cell £1:1303 (1990); Ashkenazi, fit Pfoc. Nat. Acad. Sci. 
fiS:10535 (1991); Bennett, ^tal.. J. Biol, Chem. 266:23060 (1991). In other embodiments, 

20 the hVEGFr is conjugated to a non-proteinaceous polymer such as polyethylene glycol (PEG) 
(see e.g. . Davis, £l si., U.S. Patent No. 4, 1 79,337; Goodson, si si., BioTechnology S:343- 
346 (1990); Abuchowski, st s!., J. Biol. Chem. 252:3578 (1977); Abuchowskt, si s!** J- 
Biol. Chem. 252:3582 (1977)) or carbohydrates (see e.g. . Marshall, siS!-» Arch. Biochem. 
Biophys., 167 :77 (1975)). This serves to extend the biological half-life of the hVEGFr and 

25 reduces the possibility that the receptor will be immunogenic in the mammal to which it is 
administered. The hVEGFr is used in substantially the same fashion as antibodies to hVEGF, 
taking into account the affinity of the antagonist and its valency for hVEGF. 

The extracellular domain of hVEGF receptor, either by itself or fused to an 
immunoglobulin polypeptide or other carrier polypeptide. Is especially useful as an antagonist 

30 of hVEGF, by virtue of its ability to sequester hVEGF that is present in a host but that is not 
bound to hVEGFr on a cell surface. 

hVEGFr and variants thereof also are useful In screening assays to identify agonists and 
antagonists of hVEGF. For example, host cells transfected with DNA encoding hVEGFr (for 
example, f|l or flkl ) overexpress the receptor polypeptide on the cell surface, making such 

35 recombinant host cells ideally suited for analyzing the ability of a test compound (for example, 
a small molecule, linear or cyclic peptide, or poiypeptide) to bind to hVEGFr. hVEGFr and 
hVEGFr fusion proteins, such as an hVEGFr-lgG fusion protein, may be used in a similar 
fashion. For example, the fusion protein is bound to an immobilized suppon and the ability 
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of a test compound to displace radiolabeled hVEGF from the hVEGFr domain of the fusion 
protein is determined. 

The term "recombinant" used in reference to hVEGF, hVEGP receptor, monoclonal 
antibodies, or other proteins, refers to proteins that are produced by recombinant DNA 
5 expression in a host cell. The host ceil may be prokaryotic (for example, a bacterial cell such 
as £. £2!1) or eukaryotic (for example, a yeast or a mammalian cell). 

Antaoonist Monoclonal Antibodies 
The term "monoclonal antibody" as used herein refers to an antibody obtained from 
a population of substantially homogeneous antibodies, i.e., the individual antibodies 
10 comprising the population are identical In specificity and affinity except for possible naturally 
occurring mutations that may be present in minor amounts. It should be appreciated that as 
a result of such naturally occurring mutations and the like, a monoclonal antibody composition 
of the invention, which will predominantly contain antibodies capable of specifically binding 
hVEGF, hVEGFr, or a complex comprising hVEGF in association with hVEGFr ("hVEGF-hVEGFr 
15 complex"), may also contain minor amounts of other antibodies. 

Thus, the modifier "monoclonar indicates the character of the antibody as being 
obtained from such a substantially homogeneous population of antibodies, and is not to be 
construed as requiring production of the antibody by any particular method. For example, 
monoclonal antibodies of the invention may be made using the hybridoma method first 
20 described by Kohler & Milstein, Nature 256:495 (1975), or may be made by recombinant 
DNA methods. Cabilly, fil s!., U.S. Pat. No. 4,816,567. 

In the hybridoma method, a mouse or other appropriate host animal is Immunized with 
antigen by subcutaneous, intraperitoneal, or intramuscular routes to elicit lymphocytes that 
produce or are capable of producing antibodies that will specifically bind to the protein(s) 
25 used for immunization. Alternatively, lymphocytes may be immunized in vitro . Lymphocytes 
then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, 
to form a hybridoma cell. Coding, Monoclonal Antibodies: Principles and Practice, pp.59-1 03 
(Academic Press, 1986). 

The antigen may be hVEGF, hVEGFr, or hVEGF-hVEGFr complex. The antigen 
30 optionally is a fragment or portion of any one of hVEGF or hVEGFr having one or more amino 
acid residues that participate in the binding of hVEGF to one of its receptors. For example, 
immunization with the extracellular domain of an hVEGFr (that Is, a truncated hVEGFr 
polypeptide lacking transmembrane and intracellular domains) will be especially useful in 
producing antibodies that are antagonists of hVEGF, since it is the extracellular domain that 
35 is involved in hVEGF binding. 

Monoclonal antibodies capable of binding hVEGF-hVEGFr complex are useful, 
particularly if they do not also bind to non-associated (non-complexed) hVEGF and hVEGFr. 
Such antibodies thus only bind to cells undergoing immediate activation by hVEGF and 
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accordingly are not sequestered by free hVEGF or hVEGFr as is normally found in a mammal. 
Such antibodies typically bind an epitope that spans one or more points of contact between 
the receptor and hVEGF. Such antibodies have been produced for other iigand receptor 
complexes and may be produced here in the same fashion. These antibodies need not, and 
5 may not, neutralize or inhibit a biological activity of non-associated hVEGF or hVEGFr, 
whether or not the antibodies are capable of binding to non-assodated hVEGF or hVEGFr. 

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium 
that preferably contains one or more substances that inhibit the growth or survival of the 
unfused, parental myeloma cells. For example, if the parental myeloma cells lack the enzyme 

1 0 hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for 
the hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT 
medium), which substances prevent the growth of HGPRT-deficient cells. 

Preferred myeloma cells are those that fuse efficiently, support stable high level 
expression of antibody by the selected antibody-producing cells, and are sensitive to a 

15 medium such as HAT medium. Among these, preferred myeloma cell lines are murine 
myeloma lines, such as those derived from MOPC-21 and MPC-1 1 mouse tumors available 
from the Salic Institute Cell Distribution Center, San Diego, California USA, SP-2 cells available 
from the American Type Culture Collection. Rockville, Maryland USA, and P3X63Ag8U.1 cells 
described by Yelton, gja!., Curr. Top. Microbiol. Immunol. (1978). Human myeloma 

20 and mouse*human heteromyetoma cell lines also have been described for the production of 
human monoclonal antibodies. Kozbor, J. Immunol. 133 :3001 (1984). Brodeur, £t 
Monoclonal Antibodv Production Te chnioues and AoDlicatlons . pp.51 -63 (Marcel Oekker, inc.. 
New York, 1987). 

Culture medium in which hybridoma cells are growing is assayed for production of 
25 monoclonal antibodies directed against the antigen. Preferably, the binding specificity of 
monoclonal antibodies produced by hybridoma cells is determined by immunoprecipitation or 
by an jn }qS£q binding assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (EUSA). The monoclonal antibodies of the invention are those that 
preferentially immunoprecipitate hVEGF, hVEGFr, or hVEGF-hVEGFr complex, or that 
30 preferentially bind to at least one of those antigens in a binding assay, and that are capable 
of inhibiting a biological activity of hVEGF. 

After hybridoma cells are identified that produce antagonist antibodies of the desired 
specificity, affinity, and activity, the clones may be subcloned by limitino dilution procedures 
and grown by standard methods. Coding, Monoclonal Antibodies: Principles and Practice. 
35 pp.59*104 (Academic Press, 1986). Suitable culture media for this purpose include, for 
example, Dulbecco's Modified Eagle's Medium or RPMM640 medium. In addition, the 
hybridoma cells may be grown jn vivo as ascites tumors in an animal. 
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The monoclonal antibodies secreted by the subcl nes are suitably separated from the 
culture medium, ascites fluid, or serum by conventional immunoglobulin purification 
procedures such as, for example, protein A-Sepharose, hydroxylapatite chromatography* gel 
electrophoresis, dialysis, or affinity chromatography. 
5 DNA encoding the monoclonal antibodies of the invention is readily isolated and 

sequenced using conventional procedures (e.g., by using oligonucleotide probes that are 
capable of binding specifically to genes encoding the heavy and light chains of murine 
antibodies). The hybridoma cells of the invention serve as a preferred source of such DNA. 
Once isolated, the DNA may be placed into expression vectors, which are then transfected 

1 0 into host cells such as simian COS cells, Chinese Hamster ovary (CHO) cells, or myeloma cells 
that do not otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal 
antibodies in the recombinant host cells. 

The DNA optionally may be modified in order to change the character of the 
immunoglobulin produced by its expression. For example, humanized forms of murine 

15 antibodies are produced by substituting a complementarity determining region (CDRI of the 
murine antibody variable domain for the corresponding region of a human antibody. In some 
embodiments, selected framework region (FR) amino acid residues of the murine antibody also 
are substituted for the corresponding amino acid residues in the human antibody. Carter, ^ 
si., Proc. Nat. Acad. Sci. 89:4285 (1992); Carter, gl^., BioTechnology 1£:163 (1992). 

20 Chimeric forms of murine antibodies also are produced by substituting the coding sequence 
for selected human heavy and light constant chain domains in place of the homologous 
murine sequences. Cabilly. et al.. U.S. Pat. No. 4,816,567; Morrison, filfll., Proc. Nat. 
Acad. Sci. 81:6851 (1984). 

The antibodies included within the scope of the invention include variant antibodies, 

25 such as chimeric (including "humanized") antibodies and hybrid antibodies comprising 
immunoglobulin chains capable of binding hVEGF, hVEGFr. or hVEGF-hVEGFr complex, and 
a non-hVEGF epitope. 

The antibodies herein include all species of origin, and immunoglobulin classes (e.g., 
IgA, IgD, IgE, IgG, and IgM) and subclasses, as well as antibody fragments (e.g.. Fab, F(ab')2' 

30 and Fv), so long as they are capable of binding hVEGF, hVEGFr, or hVEGF-hVEGFr complex, 
and are capable of antagonizing a biological activity of hVEGF. 

In a preferred embodiment of the invention, the monoclonal antibody will have an 
affinity for the immunizing antigen of at least about 10^ liters/mole, as determined, for 
example, by the Scatchard analysis of Munson & Pollard, Anal. Biochem. 107: 220 (1980). 

35 Also, the monoclonal antibody typically will inhibit the mitogenic or angiogenic activity of 
hVEGF at least about 50%, preferably greater than 80%, and most preferably greater than 
90%, as determined, for example, by an in vitro cell survival or proliferation assay, such as 
described in Example 2. 
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For some therapeutic and diaonostic applications, it is desirable that the nnonoclonal 
antibody be reactive with fewer than all of the different molecular forms of hVEGF. For 
example, it may be desirable to have a monoclonal antibody that is capable of specifically 
binding to the 165-amino acid sequence hVEGF but not to the 121- or 189-amlno acid 
5 sequence hVEGF polypeptides. Such antibodies are readily identified by comparative ELISA 
assays or comparative immunoprecipltation of the different hVEGF polypeptides. 

Coniuoates with Cytotoxic Moieties 
In some embodiments it is desireable to provide a cytotoxic moiety conjugated to a 
hVEGF-specific monoclonal antibody or to hVEGFr. In these embodiments the cytotoxin 
1 0 serves to incapacitate or kill cells which are expressing or binding hVEGF or its receptor. The 
conjugate Is targeted to the cell by the domain which is capable of binding to hVEGF, 
hVEGFr, or hVEGF-hVEGFr complex. Thus, monoclonal antibodies that are capable of binding 
hVEGF, hVEGFr, or hVEGF-hVEGFr complex are conjugated to cytotoxins. Similarly, hVEGFr 
is conjugated to a cytotoxin. While the monoclonal antibodies optimally are capable of 
15 neutralizing the activity of hVEGF alone (without the cytotoxin), it is not necessary in this 
embodiment that the monoclonal antibody or receptor be capable of any more than binding 
to hVEGF, hVEGFr, or hVEGF-hVEGFr complex. 

Typically, the cytotoxin Is a protein cytotoxin, e.g. diptheria, ricin or Pseudomonas 
toxin, although in the case of certain classes of immunoglobulins the Fc domain of the 
20 monoclonal antibody Itself may serve to provide the cytotoxin (e.g., in the case of lgG2 
antibodies, which are capable of fixing complement and participating in antibody-dependent 
cellular cytotoxicity (ADCOl. However, the cytotoxin does not need to be protelnaceous and 
may include chemotherapeutic agents heretofore employed, for example, for the treatment 
of tumors. 

25 The cytotoxin typically is linked lo a monoclonal antibody or fragment thereof by a 

backbone amide bond within (or in place of part or all of) the Fc domain of the antibody. 
Where the targeting function is supplied by hVEGFr, the cytotoxic moiety is substituted onto 
any domain of the receptor that does not participate in hVEGF binding; preferably, the moiety 
is substituted in place of or onto the transmembrane and or cytoplasmic domains of the 

30 receptor. The optimal site of substitution will be determined by routine experimentation and 
is well within the ordinary skill. 

Conjugates which are protein fusions are easily made in recombinant cell culture by 
expressing a gene encoding the conjugate. Alternatively, the conjugates are made by 
covalentiy crosslinking the cytotoxic moiety to an anriino acid residue side chain or C-terminal 

35 carboxyl of the antibody or the receptor, using methods known figr §§ such as disulfide 
exchange or linkage through a thioester bond using for example iminothiolate and methyl-4- 
mercaptobutyrimadate. 
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Conjugates with other MoietiflS 
The monoclonal antibodies and hVEGFr that are antagonists of hVEGF also are 
conjugated t substances that may not be readily classified as cytotoxins in their wn right, 
but which augment the activity of the compositions herein. For example, monoclonal 
5 antibodies or hVEGFr capable of binding to hVEGF, hVEGFr, or hVEGF-hVEGFr complex are 
fused with heterologous polypeptides, such as viral sequences, with cellular receptors, with 
cytokines such as TNF, interferons, or interleukins, with polypeptides having procoagulant 
activity, and with other biologically or immunoiogically active polypeptides. Such fusions are 
readily made by recombinant methods. Typically such non-immunoglobulin polypeptides are 

10 substituted for the constant domain(s) of an anti-hVEGF or anti-hVEGF-hVEGFr complex 
antibody, or for the transmembrane and/or intracellular domain of an hVEGFr. Alternatively, 
they are substituted for a variable domain of one antigen binding site of an anti-hVEGF 
antibody described herein. 

in preferred embodiments, such non-immunoglobulin polypeptides are joined to or 

1 5 substituted for the constant domains of an antibody described herein. Bennett, filll., J. Biol. 
Chem. 266:23060-23067 (1991). Alternatively, they are substituted for the Fv of rn 
antibody herein to create a chimeric polyvalent antibody comprising at least one remaining 
antigen binding site having specificity for hVEGF, hVEGFr, or a hVEGF-hVEGFr complex, and 
a surrogate antigen binding site having a function or specificity distinct from that of the 

20 starting antibody. 

Heterospecific Antibodies 
Monoclonal antibodies capable of binding to hVEGF, hVEGFr, or hVEGF-hVEGFr 
complex need only contain a single binding site for the enumerated epitopes, typically a single 
heavy-light chain complex or fragment thereof. However, such antibodies optionally also bear 

25 antigen binding domains that are capable of binding an epitope not found within any one of 
hVEGF, hVEGFr, or hvEGF-hVEGFr complex. For example, substituting the corresponding 
amino acid sequence or amino acid residues of a native anti-hVEGF, anti-HVEGFr, or anti- 
hVEGF-hVEGFr complex antibody with the complementarity-determing and, if necessary, 
framework residues of an antibody having specificity for an antigen other than hVEGF, 

30 hVEGFr, or hVEGF-hVEGFr complex will create a potyspedfic antibody comprising one antigen 
binding site having specificity for hVEGF, hVEGFr, or hVEGF-hVEGFr complex, and another 
antigen binding site having specificity for the non-hVEGF, hVEGFr, or hVEGF-hVEGFr complex 
antigen. These antibodies are at least bivalent, but may be polyvalent, depending upon the 
number of antigen binding sites possessed by the antibody class chosen. For example, 

35 antibodies of the IgM class will be polyvalent. 

In preferred embodiments of the invention such antibodies are capable of binding an 
hVEGF or hVEGFr epitope and either (a) a polypeptide active in blood coagulation, such as 
pr tein C or tissue factor, (b) a cytotoxic pro-eln such as tumor necrosis factor (TNF), or |c| 
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a non-hVEGFr cell surface receptor, such as CD4, or HER-2 receptor (Maddon, si al.. Cell 
42:93 0985); Coussens, §1 fi!-. Science 230:1137 (1985)). Heterospecific, multivalent 
antibodies are conveniently nnade by cotransforming a host celt with DNA encoding the heavy 
and light chains of both antibodies and thereafter recovering, by immunoaffinity 
5 chromatography or the like, the proportion of expressed antibodies having the desired antigen 
binding properties. Alternatively, such antibodies are made by jn vitro recombination of 
monospecific antibodies. 

Monovalent Antibodies 
Monovalent antibodies capable of binding to hVEGFr or hVEGP-hVEGFr complex are 
10 especially useful as antagonists of hVEGF. Without limiting the invention to any particular 
mechanism of biological activity, it is believed that activation of cellular hVEGF receptors 
proceeds by a mechanism wherein the binding of hVEGF to cellular hVEGF receptors induces 
aggregation of the . receptors, and in turn activates intracellular receptor kinase activity. 
Because monovalent anti-hVEGF receptor antibodies cannot induce such aggregation, and 
1 5 therefore cannot activate hVEGF receptor by that mechanism, they are ideal antagonists of 
hVEGF. 

It should be noted, however, that these antibodies should be directed iagainst the 
hVEGF binding site of the receptor or should otherwise be capable of interfering with hVEGF 
binding to the receptor hVEGF, such as by sterically hindering hVEGF access to the receptor. 

20 As described elsewhere herein, however, anti-hVEGFr antibodies that are not capable of 
interfering with hVEGF binding are useful when conjugated to non-immunoglobulin moieties, 
for example, cytotoxins. 

Methods for preparing monovalent antibodies are well known in the art. For examplR, 
one method Involves recombinant expression of immunoglobulin light chain and modified 

25 heavy chain. The heavy chain is truncated generally at any point in the Fc region so as to 
prevent heavy chain crosslinking. Alternatively, the relevant cysteine residues are substituted 
with another amino acid residue or are deleted so as to prevent crosslinking. In vitro methods 
are also suitable for preparing monovalent antibodies. For example. Fab fragments are 
prepared by enzymatic cleavage of intact antibody. 

30 Diaonostic Uses 

For diagnostic applications, the antibodies or hVEGFr of the Invention typically will be 
labeled with a detectable moiety. The detectable moiety can be any one which is capable of 
producing, either directly or indirectly, a detectable signal. For example, the detectable 
moiety may be a radioisotope, such as ^H, ^*C, ^^P, «S, or "*l, a fluorescent or 

35 chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, or luciferin; 
radioactive isotopic labels, such as, e.g., ^"1, ^^P, ^"C, or 'H, or an enzyme, such as alkaline 
phosphatase, beta-galactosidase or horseradish peroxidase. 
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Any method kn wn in the an for separately conjugating the antibody or hVEGFr to the 
detectable moiety may b mpioyed, including those methods described by Hunter, si** 
Nature 1^:945 (1962); David, £i a!.. Biochemistry 11:1014 (1974); Pain, ai., J. 
Immunol. Meth. 4Q:219 (1981); and Nygren, J. Histochem. and Cytochem. 35:407 (1982). 
5 The antibodies and receptors of the present inv^ention may be employed in any known 

assay method, such as competitive binding assays, direct and indirect sandwich assays, and 
immunoprecipitation assays. Zola, Monoclonal Antibodies: A Manual of Techniques, pp. 147- 
158 (CRC Press, Inc., 1987). 

Competitive binding assays rely on the ability of a labeled standard (which may be 

10 hVEGF or an immunologically reactive portion thereof) to compete with the test sample 
analyte (hVEGF) for binding with a limited amount of antibody. The amount of hVEGF in the 
test sample is inversely proponional to the amount of standard that becomes bound to the 
antibodies or receptors. To facilitate determining the amount of standard that becomes 
bound, the antibodies or receptors generally are insolubilized before or after the competition, 

15 so that the standard and analyte that are bound to the antibodies or receptors may 
conveniently be separated from the standard and analyte which remain unbound. 

Sandwich assays involve the use of two antibodies or receptors, each capable of 
binding to a different immunogenic portion, or epitope, of the protein to be detected. In a 
sandwich assay, the test sample analyte is bound by a first antibody or receptor which is 

20 immobilized on a solid support, and thereafter a second antibody binds to the analyte, thus 
forming an insoluble three part complex. David & Greene, U.S. Pat No. 4,376,110. The 
second antibody or receptor may itself be labeled with a detectable moiety (direct sandwich 
assays) or may be measured using an antiimmunoglobulin antibody that is labeled with a 
detectable moiety (indirect sandwich assay). For example, one type of sandwich assay is an 

25 ELISA assay, in which case the detectable moiety is an enzyme. 

The antibodies or receptor herein also is useful for in vivo imaging, wherein an antibody 
or hVEGFr labeled with a detectable moiety is administered to a patient, preferably into the 
bloodstream, and the presence and location of the labeled antibody or receptor in the patient 
is assayed. This imaging technique is useful, for example, in the staging and treatment of 

30 neoplasms. The antibody or hVEGFr is labeled with any moiety that is detectable in a 
mammal, whether by nuclear magnetic resonance, radiology, or other detection means known 
in the art. 

Antagonist Variants of hVEGF 
In addition to the antibodies described herein, other useful antagonists of hVEGF 
35 include fragments and amino acid sequence variants of native hVEGF that bind to hVEGF 
receptor but that do not exhibit the biological activity of native hVEGF. For example, such 
antagonists include fragments and amino acid sequence variants that comprise a receptor 
binding domain of hVEGF, but that lack a domain conferring biological activity, or that 
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otherwise are defective in activating cellular hVEGF receptors, such as in the case of a 
fragment or an amino acid sequence variant that is deficient in its ability to induce 
aggregation or activation of cellular hVEGF receptors. The term "receptor binding domain" 
refers to the amino acid sequences in hVEGF that are involved in hVEGF receptor binding. 
5 The term "biological activity domain" or "domain conferring biological activity" refers to an 
amino acid sequence in hVEGF that confer a particular biological activity of the factor, such 
as mitogenic or angiogenic activity. 

The observation that hVEGF appears to be capable of forming a complex with two or 
more hVEGFr molecules on the surface of a ceil suggests that hVEGF has at least two 
10 discrete sites for binding to hVEGFr and that it binds to such cellular receptors in sequential 
fashion, first at one site and then at the other before activation occurs, in the fashion of 
growth hormone, prolactin and the Vtke (see e.g. , Cunningham, si Si*» Science 254 :821 

(1991) ; deVos, ej a!-* Science 255:306 (1992); Fuh, et al.. Science £56:1677 (1992)). 
Accordingly, antagonist variants of hVEGF are selected in which one receptor binding site of 

15 hVEGF (typically the site involved in the initial binding of hVEGF to hVEGFr) remains 
unmodified (or if modified is varied to enhance binding), while a second receptor binding site 
of hVEGF typically is modified by nonconservative amino acid residue substitution (s) or 
deietion(s) in order to render that binding site inoperative. 

Receptor binding domains in hVEGF and hVEGF binding domains in hVEGFr are 

20 determined by methods known in the art, including X-ray studies, mutational analyses, and 
antibody binding studies. The mutational approaches include the techniques of random 
saturation mutagenesis coupled with selection of escape mutants, and insertional 
mutagenesis. Another strategy suitable for identifying receptor-binding domains in ligands 
is known as alanine (Ala)-scanning mutagenesis. Cunningham, mi.. Science 244. 1081- 

25 1985 (1989). This method involves the identification of regions that contain charged amino 
acid side chains. The charged residues in each region identified (i.e. Arg, Asp, His, Lys, and 
Glu) are replaced (one region per mutant molecule) with Ala and the receptor binding of the 
obtained ligands is tested, to assess the importance of the particular region In receptor 
binding. A further powerful method for the localization of receptor binding domains is 

30 through the use of neutralizing anti-hVEGF antibodies. Kim, si Growth Factors 2^53 

(1 992) . Usually a combination of these and similar methods is used for localizing the domains 
involved in receptor binding. 

The term 'amino acid sequence variant" used in reference to hVEGF refers to 
polypeptides having amino acid sequences that differ to some extent from the amino acid 
35 sequences of the native forms of hVEGF. Ordinarily, antagonist amino acid sequence variants 
will possess at least about 70% homology with at least one receptor binding domain of a 
native hVEGF, and preferably, they will be at least about 80%, more preferably at least about 
90% homologous with a receptor binding domain of a native hVEGF. The amino acid 
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sequence variants possess substitutions, deletions, and/or insertions at certain positions 
within the amino acid sequence of native hVEGF, such that the variants retain the ability to 
bind to hVEGF receptor (and thus compete with native hVEGF for binding to hVEGF receptor) 
but fail to induce one or more of the biological effects of hVEGF, such as endothelial cell 
5 proliferation, angiogenesis, or vascular permeabiiity. 

"Homology" is defined as the percentage of residues in the amino add sequence 
variant that are identical with the residues in the amino acid sequence of a receptor binding 
domain of a native hVEGF after aligning the sequences and introducing gaps, if necessary, 
to achieve the maximum percent homology. Methods and computer programs for the 

10 alignment are well known in the art. One such computer program is "Align 2", authorec by 
Genentech, Inc., which was filed with user documentation in the United States Copyright 
Office, Washington, DC 20559, on December 10, 1991. Substitutional variants are 

those that have at least one amino acid residue in a native sequence removed and a different 
amino acid inserted in its place at the same position. The substitutions may be single, where 

15 only one amino acid in the molecule has been substituted, or they may be multiple, where 
two or more amino acids have been substituted in the same molecule. 

Insertional variants are those with one or more amino acids inserted immediately 
adjacent to an amino acid at a particular position in a native sequence. Immediately adjacent 
to an amino acid means connected lo either the o-carboxy or cr-amino functional group of the 

20 amino acid. 

Deletional variants are those v^ith one or more amino acid residues in a native sequence 
removed. Ordinarily, deletional variants will have one or two amino acid residues deleted in 
a particular region of the molecule. 

Fragments . and amino acid sequence variants of hVEGF are readily prepared by 

25 methods known in the art, such as by site directed mutagenesis of the DNA encoding the 
native factor. The mutated DNA is inserted into an appropriate expression vector, and host 
cells are then transfected with the recombinant vector. The recombinant host cells and 
grown in suitable culture medium, and the desired fragment or amino acid sequence variant 
expressed in the host cells then is recovered from the recombinant cell culture by 

30 chromatographic or other purification methods. 

Alternatively* fragments and amino acid variants of hVEGF are prepared in vitro, for 
example by proteolysis of native hVEGF, or by synthesis using standard solid-phase peptide 
synthesis procedures as described by Merrifield (J. Am. Chem. Soc. &&:2149 [1963])* 
although other equivalent cheniical syntheses knovyn in the art may be used. Solid-phase 

35 synthesis is initiated from the C terminus of the peptide by coupling a protected a-amino acid 
to a suitable resin. The amino acids are coupled to the peptide chain using techniques well 
icnown in the art for the formation of peptide bonds. 
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Therapeutic Uses 

F r therapeutic applications, the antagonists of the invention are administered to a 
mammat, preferably a human, in a pharmaceutically acceptable dosage form, including those 
that may be administered to a human intravenously as a bolus or by continuous infusion over 
5 a period of time, by Intramuscular, intraperitoneal rntra-cerobrosplnal, subcutaneous, Intra- 
articular, intrasynovial, intrathecal, oral, topical, or inhalation routes. The antagonists also 
are suitably administered by intratumoral, peritumoral, intralesional, or perilesional routes, to 
exert local as well as systemic therapeutic effects. The intraperitoneal route is expected to 
be particularly useful, for example* in the treatment of ovarian tumors. 
1 0 Such dosage forms encompass pharmaceutically acceptable carriers that are inhereriiy 

nontoxic and nontherapeutic. Examples of such carriers include ion exchangers, alumina, 
aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer substances 
such as phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of 
saturated vegetable fatty acids, water, salts, or electrolytes such as protamine sulfate, 

o 

15 disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, 
colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose*based substances, and 
polyethylene glycol. Carriers for topical or gel-based forms of antagonist include 
polysaccharides such as sodium carboxymethylcellulose or methylcellulose, 
polyvinylpyrrolidone, polyacrylates, polyoxyethylene-polyoxypropylene-block polymers, 

20 polyethylene glycol, and wood wax alcohols. For all administrations, conventional depot 
forms are suitably used. Such forms include, for example, microcapsules, nano-capsules, 
liposomes, plasters. Inhalation forms, nose sprays, sublingual tablets, and sustained-release 
preparations. The antagonist will typically be formulated in such vehicles at a concentration 
of about 0.1 mg/ml to 100 mg/ml. 

25 Suitable examples of sustained release preparations include semipermeable matrices 

of solid hydrophobic polymers containing the antagonist, which matrices are in the form of 
shaped articles, e.g. films, or microcapsules. Examples of sustained-release matrices include 
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate) as described by Langer 
fiialw J. Biomed. Mater. Res. 15:167 (1981) and Langer, Chem. Tech., 12: 98-105 (1982), 

30 or poly(vinylalcohol), polylactides (U.S. Pat. No. 3,773,91 9), copolymers of L-giutamic acid 
and gamma ethyl-L-glutamate (Sidman eii!., Biopolymers, 22:547 (1983), non-degradable 
ethylene-vinyl acetate (Langer et a}., supra ), degradable lactic acid-olycolic acid copolymers 
such as the Lupron Depot^ (injectable micropheres composed of lactic acid-glycolic acid 
copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such 

35 as ethylene-vinyl acetate and l?ciic acid-glycolic acid enable release of molecules for over 100 
days, certain hydrogels release prcieins for shorter time periods. When encapsulated 
polypeptide antag nists remain in the body for a iong time, they may denature or aggregate 
as a result of exposure to moisture at 37°C, resulting in a loss of biological activity and 
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possible changes In Immunogenicity. Rational strategies can be devised for stabilization 
depending on the mechanism involved. For example, if the aggregation mechanism is 
discovered to be intermolecular S-S bond formation through thi -disulfide interchange, 
stabilization may be achieved by modifying suifhydryl residues, iyophllizing from acidic 
5 solutions, controlling moisture content, using appropriate additives, and developing specific 
polymer matrix compositions. 

Sustained-release hVEGF antagonist compositions also include liposomally entrapped 
antagonist antibodies and hVEGFr. Liposomes containing the antagonists are prepared by 
methods Icnown in the art, such as described in Epstein, ei at., Proc. Natl. Acad. Sci. USA, 

10 £2:3688 (1985); Hwang, fit a!., Proc. Natl. Acad. Sci. USA, 77:4030 (1980); U.S. Patent 
No. 4,485,045; U.S. Patent No. 4,544,545. Ordinarily the liposomes are the small (about 
200-800 Angstroms) unilamelar type in which the lipid content is greater than about 30 
mol.% cholesterol, the selected proportion being adjusted for the optimal HRG therapy. 
Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

1 5 Another use of the present invention comprises incorporating an hVEGF antagonist into 

formed articles. Such articles can be used in modulating endothellat cell growth and 
angiogenesis. In addition, tumor Invasion and metastasis may be modulated with these 
articles. 

For the prevention or treatment of disease, the appropriate dosage of antagonist will 

20 depend on the type of disease to be treated, as defined above, the severity and course of the 
disease, whether the antibodies are administered for preventive or therapeutic purposes, 
previous therapy, the patient's clinical history and response to the antagonist, and the 
discretion of the attending physician. The antagonist is suitably administered to the patient 
at one time or over a series of treatments. 

25 The hVEGF antagonists are useful in the treatment of various neoplastic and non- 

neoplastic diseases and disorders. Neoplasms and related conditions that are amenable to 
treatment include breast c-r^rcinomas, lung carcinomas, gastric carcinomas, esophageal 
carcinomas, colorectal carcinomas, liver carcinomas, ovarian carcinomas, thecomas, 
arrhenoblastomas, cervical carcinomas, endometrial carcinoma, endometrial hyperplasia, 

30 endometriosis, fibrosarcom-iS, choriocarcinoma, head and neck cancer, nasopharyngeal 
carcinoma, laryngeal carcinorr.r.s, hepatoblastoma, Kaposi's sarcoma, melanoma, skin 
carcinomas, hemangioma, C7ive:r:ous hemangioma, hemangioblastoma, pancreas carcinomas, 
retinoblastoma, astrocytoma, glioblastoma, Schwannoma, oligodendroglioma, 
medulloblastoma, neuro^h-^romas, rhabdomyosarcoma, osteogenic sarcoma, 

35 leiomyosarcomas, urinary trier carcinomas, thyroid carcinomas, Wilm's tumor, renal cell 
carcinoma, prostate carcir-oma. abnormal vascular proliferation associated vsrith 
phakomatoses, edema (such as that associated v^ith brain tumors), and Meigs' syndrome. 
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Non-neopiastic conditions that are amenable to treatment include rheumatoid arthritis, 
psoriasis, atherosclerosis, diabetic and other retinopathies, retrolental fibroplasia, neovascular 
glaucoma, thyroid hyperplasias {including Grave's disease), corneal and other tissue 
transplantation, chronic inflammation, lung inflammation, nephrotic syndrome, preeclampsia, 
5 ascites, pericardial effusion (such as that associated with pericarditis), and pleural effusion. 

Depending on the type and severity of the disease, about 1 ;/g/kg to 15 mg/kg of 
antagonist is an initial candidate dosage for administration to the patient, whether, for 
example, by one or more separate administrations, or by continuous infusion. A typical daily 
dosage might range from about 1 A/g/kg to 100 mg/kg or more, depending on the factors 
1 0 mentioned above. For repeated administrations over several days or longer, depending on the 
condition, the treatment is repeated until a desired suppression of disease symptoms occurs. 
However, other dosage regimens may be useful. The progress of this therapy is easily 
monitored by conventional techniques and assays, including, for example, radiographic tumor 
imaging. 

1 5 According to another embodiment of the invention, the effectiveness of the antagonist 

in preventing or treating disease may be improved by administering the antagonist serially or 
in combination with another agent that is effective for those purposes, such as tumor 
necrosis factor (TNF), an antibody capable of inhibiting or neutralizing the angiogenic activity 
of acidic or basic fibroblast growth factor (FGF) or hepatocyte growth factor (HGF), an 

20 antibody capable of inhibiting or neutralizing the coagulant activities of tissue factor, protein 
C, or protein S (Sfig Esmon, et PCT Patent Publication No. WO 91/01753, published 21 
February 1991), or one or more conventional therapeutic agents such* as, for example, 
alkylating agents, folic ac^cl antagonists, anti-metabolites of nucleic acid metabolism, 
antibiotics, pyrimidine analcr?. 5-fluorouracil, purine nucleosides, amines, amino acids, triazol 

25 nucleosides, or corticosterc 's. Such other agents may be present in the composition being 
administered or may be adm: stered separately. Also, the antagonist is suitably administered 
serially or in combination vvith radiological treatments, whether involving irradiation or 
administration of radioactivr. substances. 

In one embodiment, vascularization of tumors is attacked in combination therapy. One 

30 or more hVEGF antagonists are administered to tumor-bearing patients at therapeutically 
effective doses as determ-'sd for example by observing necrosis of the tumor or its 
metastatic foci, if any. TM- therapy is continued until such time as ho further beneficial 
effect is observed or clinical -^mination shows no trace of the tumor or any metastatic foci. 
Then TNF Is administered, e c ne o.- in combination with an auxiliary agent such as alpha-, 

35 beta-, or gamma-interferon, nnti-HEr<2 antibody, heregulin, anti-heregulin antibody, D-factor, 
interleukin-1 (IL-1), interleu!'iri>2 (IL-2}. granulocyte-macrophage colony stimulating factor 
(GM-CSF), or agents that pr note microvascular coagulation in tumors, such as anti-protein 
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C antibody, anti-protein S antibody, or C4b binding protein (s e £sm n, £1 aj., PCX Patent 
Publication No. WO 91/01753, published 21 February 1 991), or heat or radiation. 

Since the auxiliary agents will vary in their effectiveness it is desireable to compare 
their impact on the tumor by matrix screening in conventional fashion. The administration 
5 of hVEGF antagonist and TNF is repeated until the desired clinical effect is achieved. 
Alternatively, the hVEGF antagonist(s) are administered together with TNF and, optionally, 
auxiliary aQent(5). In instances where solid tumors are found in the limbs or in other locations 
susceptible to isolation from the general circulation, the therapeutic agents described herein 
are administered to the isoUted tumor or organ. In other embodiments, a FGF or platelet- 
10 derived growth factor (PDGF) antagonist, such as an anti-FGF or an anti-PDGF neutralizing 
antibody, is administered to the patient in conjunction with the hVEGF antagonist. Treatment 
with hVEGF antagonists optimally may be suspended during periods of wound healing or 
desirable neovascularization. 

Other Uses 

15 The anti-hVEGF antibodies of the invention also are useful as affinity purification 

agents. In this process, the antibodies against hVEGF are immobilized on a suitable support, 
such a Sephadex resin or fii:?r paper, using methods well known in the art. The immobilized 
antibody then is contacted with a sample containing th^ hVEGF to be purified, and thereafter 
the support is washed with a suitable solvent that will remove substantially all the material 

20 in the sample except the hVEGF, which is bound to the immobilized antibody. Finally, the 
support is washed with another suitable solvent, such as glycine buffer, pH 5.0, that will 
release the hVEGF from the antibody. 

The following examp? s are offered by way of illustration only and are not intended to 
limit the invention in any n .iner. 

25 EXAMPLE 1 

Prepar? ^j on o f A mi- hVEGF Monoclonal Antibodies 
To obtain hVEGF co «gat-id keyhole limpet hemocyantn (KLH) for immunization, 
recombinant hVEGF (165 ar ino acids), Leung, gtal.. Science 246 :1306 (1989), was mixed 
with KLH at a 4:1 ratio in the presence of 0.05% glutaraldehyde and the mixture was 

30 incubated at room temperr-^^^re for 3 hours with gentle stirring. The mixture then was 
dialyzed against phosphate ' iffercd saline (PBS) at 4° C. overnight. 

Balb/c mice were imr; unized four times every two weeks by intraperitoneal injections 
with 5 fjQ of hVEGF conjuc ted to 20 ;yg of KLH, and were boosted with the same dose of 
hVEGF conjugated to KLH : ur days prior to cell fusion. 

35 Spleen cells from the nmunizad mice were fused with P3X63Ag8U.1 myeloma ceJJs, 

Yelton, Curr. Top. ^ robloi. Immunol. 81:1 (1978), using 35% polyethylene glycol 

(PEG) as described. Yarm«' h, ex ai., Proc. Nat. Acad. Sci. 77:2899 (1980). Hybridomas 
were selected in HAT mec' 
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Supematants from hybridoma cell cultures were screened for anti-hVEGF antibody 
production by an ELISA assay using hVEGF-coated mlcrotiter plates. Antibody that was 
bound to hVEGP In each f the welis was determined using alkaline phosphatase-conjugated 
goat anti*mouse IgG immunoglobulin and the chromogenic substrate p-nltrophenyl phosphate. 
5 Harlow & Lane, Antibodies: A Laboratory Manual , p. 597 (Cold Spring Harbor Laboratov, 
1988). Hybridoma cells thus determined to produce anti-hVEGF antibodies were subcloned 
by limiting dilution, and two of those clones, designated A4.6.1 and B2.6.2, were chosen for 
further studies. 

EXAMPLE 2 

10 Characterization of Anti-hVEGF Monoclonal Antibodies 

A. Amiflgp SPgpfffgitY 

The binding specificities of the anti-hVEGF monoclonal antibodies produced by the 
A4.6.1 and B2.6.2 hybridomas were determined by ELISA. The monoclonal antibodies were 
added to the wells of mlcrotiter plates that previously had been coated with hVEGF, FGF, 
15 HGF« or epidermal growth factor (EGF). Bound antibody was detected with peroxidase 
conjugated goat anti-mouse IgG immunoglobulins. The results of those assays confirmed that 
the monoclonal antibodies produced by the A4.6.1 and B2.6.2 hybridomas bind to hVEGF, 
but not detectably to those other protein growth factors. 

B. Eoitooe MaoDinQ 

20 A competitive binding ELISA was used to determine whether the monoclonal antibodies 

produced by the A4.6.1 and ^^2.6.2 hybridomas bind to the same or different epitopes (sites) 
within hVEGF. Kim. et aj., Infect. Immun. 57:944 (1 989). Individual unlabeled anti-hVEGF 
monoclonal antibodies (A4.6.1 or B2,6.2) or Irrelevant anti-HGF antibody (IgGI isotype) were 
added to the wells of mlcrotiter plates that previously had been coated with hVEGF. 

25 Biotinylated anti-hVEGF mor. -lonal antibodies IBI0-A4.6.1 or BI0-B2.6.2) were then added. 
The ratio of biotinylated antibody to unlabeled antibody was 1:1000. Binding of the 
biotinylated antibodies was visualized by the addition of avidin-conjugated peroxidase, 
followed by o-phenylenediar dihydrochloride and hydrogen peroxide. The color reaction* 
indicating the amount of bio.jnyiated antibody bound, was determined by measuring the 

30 optical density lO.D) at 495 rm wavelength. 

As shown In Figure 1 , in each case, the binding of the biotinylated anti*hVEGF antibody 
was inhibited by the corresponding unlabeled antibodv* but not by the other unlabeled anti- 
hVEGF antibody or the anti HGF antibody. These resuhs indicate that the monoclonal 
antibodies produced by the A^.S.} and B2.6.2 hybridomas bind to different epitopes within 

35 hVEGF. 

C. I^Qtyping 

The isotypes f the ami-hV/EGF monoclonal antibodies produced by the A4.6.1 and 
B2.6.2 hybridomas were dete rined by ELISA. Samples of culture medium (supernatant) in 
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which each of the hybridomas was growing were added to the wells of microttter plates that 
had previously be n c ated with hVEGF. The captured anta-hVEGF monoclonal antibodies 
were incubated with different isotype-specific alkaline phosphatase-conjugated goat anti- 
mouse immunoglobulins, and the binding of the conjugated antibodies to the anti-hVEGF 
5 monoclonal antibodies was determined by the addition of p-nitrophenyl phosphate. The color 
reaction was measured at 405 nm with an ELISA plate reader. 

By that method, the isotype of the monoclonal antibodies produced by both the A4.6.1 
and B2.6.2 hybridomas was deternnined to be IgGI. 
D. Binding Affinity 

10 The affinities of the anti-hVEGF monoclonal antibodies produced by the A4.6.1 and 

B2.6.2 hybridomas for hVEGF were determined by a competitive binding assays. A 
predetermined sub-optimal concentration of monoclonal antibody was added to samples 
containing 20,000 • 40,000 cam ^^^l-hVEGF (1 • 2 ng) and various known amounts of 
unlabeled hVEGF (1 -1 000 ng) . After 1 hour at room temperature, 1 00 //I of goat anti*mouse 

15 Ig antisera (Pel-Freez, Rogers, AR USA) were added, and the mixtures were incubated another 
hour at room temperature. Complexes of antibody aod bound protein (immune complexes) 
were precipitated by the addition of 500 p! of 6% polyethylene glycol (PEG, mol. wt. 8000) 
at 4^ C, followed by centrifug=tion at 2000 x G. for 20 min. at 4* C. The amount of "'1- 
hVEGF bound to the anti-hVECF monoclonal antibody in each sample was determined by 

20 counting the pelleted material in a gamma counter. 

Affinity constants were calculated from the data by Scatchard analysis. The affinity 
of the anti-hVEGF monoclonal oniibody produced by the A4.6.1 hybridoma was calculated 
to be 1 .2 X 10' liters/mole. The affinity of the antl-hVEGF monoclonal antibody produced by 
the 82. 6.2 hybridoma was calc ulated to be 2.5 x 10^ liters/mole. 

25 E. inhibition of hVEGF Mit o vr ntc Activity 

Bovine adrenal cortex c? lary endothelial (ACE) cells, Ferrara, filsl., Proc. Nat. Acad. 
Sci. £4:5773 (1987), were se^ ;.d at a density of 10^ cells/mi in 12 muitiwell plates, and 2.5 
ng/ml hVEGF was added to ean >' well in the presence or absence of various concentrations 
of the anti-hVEGF monoclonal antibodies produced by the A4.6.1 or B2.6.2 hybridomas, or 

30 an irrelevant anti-HGF monoclo-al antibody. After culturing 5 days, the cells in each well 
were counted in a Coulter coumnr. As a control, ACE cells were cultured in the absence of 
added hVEGF. 

As shov^ in Figure 2, b:th of the anti-hVEGF monoclonal antibodies inhibited the 
ability of the added hVEGF to - ppoa the growth or survival of the bovine ACE cells. The 
35 monoclonal antibody produce v tf-? A4.6.1 hybridoma completely inhibited the mitogenic 
activity of hVEGF (grestrrr th?. about 90% inhibition), whereas the monoclonal antibody 
produced by the B2.6.2 hybrid only paaially inhibited the mitogenic activity of hVEGF. 
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F. Inhibition of hVEGF Binding 

Bovine ACE ceils were seeded at a density of 2.5 x 10* cells/0.5 ml/well in 24 well 
microtiter plates in Dulbecco's Modified Eagle's Medium (DMEM) containino 10% calf serum, 
2 mM glutamine, and 1 ng/ml basic fibroblast growth factor. After culturing overnight, the 
5 cells were washed once in binding buffer (equal volumes of DMEM and F12 medium plus 25 
mM HEPES and 1 % bovine serum albumin) at 4^ C. 

1 2,000 cpm "*l-hVE6F (approx. 5x10* cpm/ng/ml) was prelncubated.for 30 minutes 
with 5|/g of the anti-hVEGF monoclonal antibody produced by the A4.6.1 , B2.6.2, or A2.6.1 
hybridoma (250 ;/! total volunr^^^), and thereafter the mixtures were added to the bovine ACE 

10 cells in the microtiter plates, /.fter incubating the cells for 3 hours at 4^ C, the cells were 
washed 3 times with binding buffer at 4° soiubillzed by the addition of 0.5 ml 0.2 N. 
NaOH, and counted in a gamma counter. 

As shown in Figure 3 (upper), the anti-hVEGF monoclonal antibodies produced by the 
A4.6.1 and B2.6.2 hybridom^s inhibited the binding of hVEGF to the bovine ACE cells. In 

15 contrast, the anti-hVEGF monoclonal antibody produced by the A2.6.1 hybridoma had no 
apparent effect on the binding c: hVEGF to the bovine ACE cells. Consistent with the results 
obtained in the cell proliferatir ^^ssay described above, the monoclonal antibody produced 
by the A4.6.1 hybridoma in!- : "^ed the binding of hVEGF to a greater extent than the 
monoclonal antibody produced : y the B2.6.2 hybridoma. 

20 As shown in Figure 3 Hower), the monoclonal antibody produced by the A4.6.1 

hybridoma completely inhibit^ . the binding of hVEGF to the bovine ACE cells at a 1:250 
molar ratio of hVEGF to antibo .iv. 

G. Cross-reactivitv with o th VEGF isoforms 

To determine whether anti-hVEGF monoclonal antibody produced by the A4.6.1 
25 hybridoma is reactive with th- 1 - and 1 89-amino acid forms of hVEGF, the antibody was 
assayed for its ability to imm - recipate those polypeptides. 

Human 293 cells wer nsfected with vectors comprising the nucleotide coding 
sequence of the 121- and 18 ' v :ino acid hVEGF polypeptides, as described. Leung, eial., 
Science 1306 (1989). T^v- : lys after transfection, the cells were transferred to medium 
30 lacking cysteine and methion^^-. The cells were incubated 30 minutes in that medium, then 
1 00 //Ci/ml of each "^S-meth ■ and ^^S-cysteine were added to the medium, and the cells 
were incubated another two : !.>rs. The labeling was chased by transferring the cells to 
serum free medium and tncu^ ..^ three hours. The cell culture media were collected, and 
the cells were lysed by 'mcv\ for 30 minutes in lysis buffer (150 mM NaCl 1 % NP40, 
35 0.5% deoxycholate, 0.1% s . dc jecyl sulfate (SDS), 50 mM Trie, pH 8.0). Cell debris 
was removed from the lysat- r • cenirifugation at 200 x G. for 30 minutes. 

500 samples of ce ' r. :ure media and cell lysates were incubated with 2 //t of 
A4.6.1 hybridoma antibody : - -ns/ml) for 1 hour at 4° C, and then were incubated with 
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5 //I of rabbit anti-mouse IqG immunoolobulin for 1 hour at 4° C. Immune complexes of ^^S- 
labeled hVEGF and anti-hVEGF monoclonal antibody were precipitated with protein-A 
Sepharose (Pharmacia), then subjected to SDS -12% poiyacrylamide gel electrophoresis 
under reducing conditions. The gel was exposed to x-ray film for analysis of the 
5 immunoprecipitated, radiolabeled proteins by autoradiography. 

The results of that analysis indicated that the anti-hVEGF monoclonal antibody 
produced by the A4.6.1 hybridoma was cross-reactive with both the 121- and 189-amino 
acid forms of hVEGF. 

EXAMPLE 3 

10 Preoaration of hVEGF Receptor - loG Fusion Protein 

The nucleotide and amino acid coding sequences of the f!l hVEGF receptor are 
disclosed in Shibuya, el aj., Oncogene 5:519-524 (19901. The coding sequence of the 
extracellular domain of the fit hVEGF receptor was fused to the coding sequence of human 
IgGI heavy chain in a two-step process. 

1 5 Site-directed mutagenesis was used to introduce a BstBi restriction into DNA encoding 

i!t at a site 5' to the codon for amino acid 759 of H^, and to convert the unique Bstcli 
restriction site in plasmid pBSSK PC, Bennett, et al., J. Biol. Cham. 266 :23060-23067 
(1991), to a BstBI site. The modified plasmid was digested with EcoRI and BstBI and the 
resulting targe fragment of plasmid DNA was iigated together with an EcoRI-BstBI fragment 

20 of the ill DNA encoding the extracellular domain (amino acids 1-758) of the fU hVEGF 
receptor. 

The resulting construct was digested with Cial and NotI to generate an approximately 
3.3 kb fragment, which is then inserted into the multiple cloning site of the mammalian 
expression vector pHEB02 (Leung, et aJ., Neuron 8:1045 {1992) by ligation. The ends of 

25 3.3. kb fragment are modlf d, frr example by the addition of linkers, to obtain insertion of 
the fragment into the vector in t' e correct orientation for expression. 

Mammalian host cel!r. (for example, CEN4 cells (Leung, es ^. suora ) are transfected 
with the pHEB02 plasmid contair^ing the lit insert by electroporation. Transfected celts are 
cultured in medium cont?l^<*nQ about 10% fetal bovine serum, 2 mM glutamine, and 

30 antibiotics, and at about It Vo ccr.fluency are transferred to serum free medium. Medium is 
conditioned for 3-4 days pr- r to colleciion, and the fU-IgG fusion protein is purified from the 
conditioned medium by chr-- r.T-v: -r aphy on a protein-A affinity matrix essentially as described 
in Bennett, SI a!., J. Biol. C. em. .?_36:23050-23067 (1991). 

35 tXAMPLE 4 

Inhibit! p n oj^ T - jmor Growth with hVEGF Antagonists 
Various human turr ^ ' cV • lines growing in culture were assayed for production of 
hVEGF by ELISA. Ovary, i no. ""icn, gastric, breast, and brain tumor cell lines were found 
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to produce hVEGF. Three cell lines that produced hVEGF, NEG 55 (also referred to as G55) 
(human glioma cell line btained from Dr. M. Westphai, Department of Neurosurgery, 
University Hospital Eppendor, Hamburg, Germany, also referred to as G55), A-673 (human 
rhabdomyosarcoma cell line obtained from the American Type Culture Collection (ATCC), 
5 Rockville, Maryland USA 20852 as cell line number CRL 1598), and SK-LMS-1 
(leiomyosarcoma cell line obtained from the ATCC as cell line number HTB 88), were used 
for further studies. 

Six to ten week old female Beige/nude mice (Charles River Laboratory, Wilmington, 
Massachusetts USA) were injected subcutaneously with 1-5x10" tumor cells in 100-200 
10 //I PBS. At various times after tumor growth was established, mice were injected 
intraperitoneally once or twice per week with various doses of A4.6.1 anti-hVEGF monoclonal 
antibody, an irrelevant anti-op120 monoclonal antibody (5B6), or PBS. Tumor size was 
measured every week, and at the conclusion of the study the tumors were excised and 
weighed. 

15 The effect of various amounts of A4.6.1 anti-hVEGF monoclonal antibody on the 

growth of NEG 55 tumors in mice is shown in Figures 4 and 5. Figure 4 shows that mice 
treated with 25 m or 100//g of A4.6.1 anti-hVEGF monoclonal antibody beginning one week 
after inoculation of NEG 55 cefis had a substantially reduced rate of tumor growth as 
compared to mice treated with either irrelevant antibody or PBS. Figure 5 shows that five 

20 weeks after inoculation of the NEG 55 cells, the size of the tumors in mice treated with 
A4.6.1 anti-hVEGF antibody was about 50% (in the case of mice treated with 25 |/g dosages 
of the antibody) to 85% <in the case of mice treated with 100 //g dosages of the antibody) 
less than the size of tumors in mice treated with irrelevant antibody or PBS. 

The effect of A4.6.1 ariti-hVEGF monoclonal antibody treatment on the growth of SK- 

25 LMS-1 tumors in mice is shown in Figure 6. Five weeks after innoculation of the SK-LMS-1 
cells, the average size of tumors in mice treated with the A4.6.1 anti-hVEGF antibody was 
about 75% less than the size ti mors in mice treated with irrelevant antibody or PBS. 

The effect of A4.6.1 anti-hVEGF monoclonal antibody treatment on the growth of 
A673 tumors in mice is shown in Figure 7. Four weeks after innoculation of the A673 cells, 

30 the average size of tumors in mice treated with A4.6.1 anti-hVEGF antibody was about 60% 
(in the case of mice treated with 1 0 //g dosages of the antibody) to greater than 90% (in the 
case of mice treated with 50-400 //g dosages of the antibody) less than the size of tumors 
in mice treated with irrelevant anibody or PBS. 

EXAMPLE 5 

35 Analvsis of the Direct Effect of Anti-hVEGF Antibody 

on Tumor Cells Growing in Culture 
NEG55 human glioblastoma cells or A673 rhabdomyosarcoma cells were seeded at a 
density of 7 x 10^ cells/well in multiwells plates (12 wells/plate) In F12/DMEM medium 
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c ntaining 10% fetal calf serum, 2mM glutamine, and antibiotics. A4.6.1 anti-hVEGF 
antibody then was added to the cell cultures to a final concentration of 0 - 20.0 //g 
anttbody/mt. After five days, the cells growing in the wells were dissociated by exposure to 
trypsin and counted in a Coulter counter. 
5 Figures 8 and 9 show the results of those studies. As is apparent, the A4.6.1 anti- 

hVEGF antibody did not have any significant effect on the growth of the NEG55 or A673 cells 
in culture. These results indicate that the A4.6.1 anti-hVEGF antibody is not cytotoxic, and 
strongly suggest that the observed anti-tumor effects of the antibody are due to its inhibition 
of VEGF-mediated neovascularization. 

10 EXAMPLES 

Effect of Anti-hVEGF Antibodv on 
Endothelial Cell Chemotaxts , 
Chemotaxis of endothelial celts and others cells, including monocytes and lymphocytes, 
play an important role in the pathogenesis of rheumatoid arthritis. Endothelial cell migration 

15 and proliferation accompany the angiogenesis that occurs In the rheumatoid synovium. 
Vascularized tissue (pannus) invades and destroys the articular cartilage. 

To determine whether hVEGF antagonists interfere with this process, we assayed the 
effect of the A4.6.1 anti-hVEGF antibody on endothelial cell chemotaxis stimulated by 
synovial fluid from patients having rheumatoid arthritis. As a control, we also assayed the 

20 effect of the A4.6.1 anti-hVEGF antibody on endothelial cell chemotaxis stimulated by 
synovial fluid from patients having osteoarthritis (the angiogenesis that occurs in rheumatoid 
arthritis does not occur in osteoarthritis). 

Endothelial cell chemotaxis was assayed using modified Boyden chambers according 
to established procedures. Thompson, et at * Cancer Res. ^:2670 (1991); Phillips, g!" 

25 Proc. Exp. Biol. Med. 197 :458 (1 991 }. About 1 0"* human umbilical vein endothelial cells were 
allowed to adhere to gelatin-coated filters (0.8 micron pore size) in 48-well multiwell 
microchambers in culture medium containing 0.1% fetal bovine serum. After about two 
hours, the chambers were inverted and test samples (rheumatoid arthritis synovial fluid, 
osteoarthritis synovial fluid, basic FGF (bPGF) (to a final concentration of 1 pg/ml), or PBS) 

30 and A4.6.1 anti-hVEGF antibody (to a final concentration of 10 //g/ml) were added to the 
wells. After two to four hours, ceils that had migrated were stained and counted. 

Figure 10 shows the averaged results of those studies. The values shown in the 
column labeled "Syn. Huid" and shown at the bonom of the page for the controls are the 
average number of endothelial cells that migrated in the presence of synodal fluid, bFGF, or 

35 PBS alone. The values in the column labeled "Syn. Fluid + mAB VEGP' are the average 
number of endothelial cells that migrated in the presence of synovial fluid plus added A4.6.1 
anti*hVEGF antibody. The values in the column labeled Suppression" indicate the 
percentage reduction in synovial fluid-induced endothelial cell migration resulting fr m the 
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addition of anti-hVEGF antibody. As indicated, the anti-hVEGF antibody significantly inhibited 
the ability of rheumatoid arthritis synovial fluid 153.40 average percentage inhibition), but not 
osteorthrltis synovial fluid (13.64 average percentage inhibition), to induce endothelial cell 
migration. 
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What is claimed is: 

1. A composition comprising a hVEGF antagonist, provided h waver that the 
antagonist is not the fU r flk-1 or KDR receptor or a neutralizing anti-hVEGF antibody. 

2. A composition of claim 1 including a polypeptide comprising an antibody amino 
acid sequence that is capable of binding to a hVEGF receptor and that competes with hVEGF 
for binding to the receptor. 

3. A composition of claim 1 including a polypeptide comprising an antibody amino 
acid sequence that is capable of binding to hVEGF and that interferes with the binding of 
hVEGF to a hVEGF receptor. 

4. A monoclonal antibody amino acid sequence capable of specifically binding to 
a hVEGFr or a hVEGF-hVEGFr complex. 

5. A monoclonal antibody amino acid sequence of claim 4 which inhibits the 
mitogenic activity of a hVEGF or inhibits the binding of a hVEGF to bovine ACE cells. 

6. A monoclonal antibody amino acid sequence of claim 5 which inhibits the 
mitogenic activity of a hVEGF at least about 90%. 

7. A monoclonal antibody amino acid sequence of claim 4 which is capable of 
binding to hVEGFr. 

8. A monoclonal antibody amino acid sequence of claim 7 which is monovalent for 
binding to hVEGFr. 

9. A monoclonal antibody amino acid sequence of claim 4 which is heterospecific. 

10. A monoclonal antibody sequence of claim 9 which is capable of binding to an 
antigen other than hVEGF, hVEGFr, and hVEGF-hVEGFr complex. 

1 1 . A monoclonal antibody amino acid sequence of claim 4 which comprises an amino 
acid sequence from the Fc domain of either the IgA, IgD, IgE, IgGI, lgG2, lgG3, lgG4 or IgM 
heavy chains. 

12. A monoclonal amibor!y amino acid sequence of claim 4 which comprises a human 
Fc domain. 

13. A monoclonal antibody amino acid sequence of claim 12 which further comprises 
a murine Fv domain capable cf binding hVEGF, hVEGFr, or hVEGF-hVEGFr complex. 

14. A monoclonal antibc <y amino acid sequence of claim 4 further comprising a non- 
immunoglobulin polymer. 

15. A monoclonal antibody amino acid sequence of claim 4 further comprising a 
cytotoxic moiety or an amino d sequence of a cytokine. 

16. A monoclonal antit- y amino acid sequence of claim 15 wherein the cytotoxic 
moiety or the amino acid se^ii- ce of xhe cytokine is substituted for an Fc sequence. 

17. A monoclonal cnti: ody amino acid sequence of claim 15 having a cytotoxic 
moiety that is a polypeptide tox: 



•26- 



wo 94/10202 PCr/US92/09218 

18., A monoclonal antibody amino acid sequence of claim 15 having a cyt toxic 
moiety that is capable of Fc effector function or of recruiting an immune cell. 

19. A monoclonal antibody amino acid sequence of claim 18 wherein the cytoxic 
moiety is a polypeptide capable of binding complement. 

20. A monoclonal antibody amino acid sequence of claim 18 wherein the cytotoxic 
moiety is a polypeptide capable of binding CD3, CD18, CDIIa, CDIIb, or CD1 1c. 

21. A monoclonal antibody amino acid sequence of claim .4 which is capable of 
binding to hVEGF-hVEGFr comnlex but not to hVEGF or to hVEGFr alone. 

22. A monoclonal antibody amino acid sequence of claim 21 further comprising a 
cytotoxic moiety. 

23. A monoclonal antibody amino acid sequence of claim 4 which is capable of 
binding to hVEGFr and which antagonizes the effect of hVEGF on the hVEGFr, 

24. A monoclonal anribcdy amino acid sequence of claim 4 further comprising a 
physiologically acceptable veh.:!? and which is sterile, present in a substantially isotonic 
solution, and stored in a cont^.: i<=r hermetically sealed with an elastomeric stopper. 

25. A monoclonal antibooy sequence of claim 24 in a kit together with a written insert 
containing instructions for thera;::;uuc use. 

26. A polypeptide conn , rising an amino acid sequence encoding a hVEGFr and an 
immunoglobulin chain. 

27. A method of trcR^ • ^-nt of a tumor in a mammal comprising administering to the 
mammal a therapeutically eff : 3 amount of a hVEGF antagonist sufficient to reduce the 
size of the tumor. 

28. Amethodof clairn I wherein the hVEGF antagcnist is an anti-hVEGFr antibody. 

29. A method of clo^m wherein the hVEGF ant2.:;onist is an anti-hVEGF-hVEGFr 
complex antibody. 

30. A method of clainr. 7 wherein the ijVEGF antagonist comprises an amino acid 
sequence encoding the extract r domain of a hVEGFr. 
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Figure A 
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Figure 5 
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Figure 6 
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IN I KKNA I IONAI, SKAKCH Rt I OH I' 
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liox 



I ObMrivuciuiiii wlicrc curtain claims were U . carchablc (i • .JiuaH o.- ui item I of first sheet) 



rhis iniciiiauoiial warcli icpurl has not been established ir reel of ccrwin ch ims under Ariicic l7(2Xa) for the following reasons: 



I I X j Claims Nus» 

because Ihcy rchilc to subjcci maiicr not require*' ic. he searched by ihis Authuriiy, nairicly: 

2 directed to a method of treatment of 
h has beer: carried out and based on the 



Remark : Although claims 27-: 
the human/animal body, the s 
alleged effects of the comp^ 



Torapositi cn. 



L J Claims Nos.: 

because Uicy rclaic U» pans of Uic miernaUonai 

an cxuni thai no meaningful iniernauonal scar 



:'iion ihai do noi ct>mp!y wiih ihc prescribed rcqutrcmenis lo such 
.c carried oui, i • . .. icaily: 



' — ' bcaluse'uw dependent claims and arc noi dr .fM -j in accordance wii h ihe second and third sentences of Rule 0.4(a). 



Box 11 Observations where uiiitv of invention is I Continuation : : i: :m 2 oi (Irst sheet) 



This Interniuiunal Seal clung AuUiiiriiy luutid multipk > 



s in this mlerr: ;.l :ipp:ic:aion, :is follows: 



j [ I As all lequiied udUiuonaJ search fees were unK-iv c.u«l by ihc applicant, this intcrnaiional search report covers all 
* ' sciuciiabk claims. 

2. {~J As all scarcliabic claims could be searches wn:- jusufying an v'- Miiunal fi:c. this Auilioriiy did noi inviic payment 

of any addiuunal fee. 



1. rj As iMily some of the required additional search f.- s were timely paid by the a 
covers only those claims for which fees were : jifically claims . - s.: 



pplicani, this iniernational search report 



4. rn No required addiuonal search fees were umely : ihc applicani. Cmscqucnily. this itiiernaiionai search report i 
— rcstrided to the invention first mcniioned in li. s\ it is covered > , . i.Jms r 'os.: 



Remark oo ProtCKt 



The addiUunal se:trch fees were accumpunied by the applicant's protest 
j ■'•o protest aocun!" tnial the pAvir.cfu of :uiditiunal search fees. 
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Nov.27, 03: Draft Minutes of the MOR-Prochon Phone c nference 

Attendees: 

ProChon: Avner Yayon, Eran Pom 

MOR: Harald Watzica, Michae: rdroff, Lisa Thomassen-Wolf 



I. Appendix 3.5(b)ii for the affinv^ v maturation of MSPR059 was discussed: 



1, Generation of L-CDR3 affinity mat 
MOR provided the QC data for the c: v 
for the phone conference at the 7^^ ( 
of the maturation librar/ are abs v ' j 
successful maturation of clones at r . 
process: the starting point of the lit. 
was cut out and replaced by the resp 
process there Is always some ba^ko- 
case 0,4%). 

Because of the good expression r r 
binder also succeeded the string 
screening with rather high freqi: 
binder of such high affinity is us 
the QC requirements had been f ; 
internally before making a final sij: 

2. Preparation of Phages 

As the viable cell count was good, t' 
both parties. 

3, Panning 

Not only one, but 6 different papa- 
in order to Increase the possibil; 
panning stringencies led to diffe 
96 well masterplate 2 there seen i tc 
Therefore MOR suggested that P"^< 
from the panning with the highe 
the amount of parental clones tf 
list that allows tracking of binder 
agreed that MOR fulfilled its obll 

4, Subclonina into expressio n 

In addition to the two 96 well rr 
masterplates to Prochon. Both p . 

5. EIJSA screening was perform 
Screening of FGFR2 had not be^ 
additional effort added from M. 
ProChon; 

6. MOR provided more than 96 r 
glycerol plates and the panninn 



on library 

:ition of the MS-PR059 maturation L-CDR3 library 
gust. Michael and Lisa explained that these QC data 
mparable to several libraries that had led to 
1 the past. Michael explained shortiy the cloning 
was the parental MSPR059, of which the L-CDR3 
e L-CDR3 maturation cassette. Due to this cloning 
of the parnn^?! binder in the new library (in this 

dy very hich affinity of MSPR059, the parental 
on procef^:':s and therefore could be found in the 



is actual'v 


a common 


finding to MOR if a parental 


ing mate*' ' 


H?r-'d a- 


^d Prochon to confirm that 


.ner requc 


.:d to cons. 


Mr the points again 


. concern!. 


• point 1 of 


une appendix. 


"^ge prepara' 


ion was regarded as being o.k. from 


• --e perform^? 


d usinq di- 


^^ent panning stringencies 


g very g 




OR observed that different 


ng outpte 


- •'d SL!;:ce-^ 


: 3tes. For example on the 


xe muta; . 


;-.3POR59 t 


nan on masterplate 1. 


:»uld e.g. f 


v3 on the . 


:34 well plate(s) coming 


mutant b= 


\::s Pr^ 


on was concerned about 


3 analyze .• 


i:; ve^in. M . 


^ previously provided the 


3 96 to th - 


: wcl p': 


es. MOR and Prochon 


ncerning r 


[rX 3. 




^eneratior 






\ MORp- 




ginal 384 well 


ed that \ . 


' /; • r* >• 




veil and ' 


"ii-ro'.T'"' 


n FR2 and FR3 in parallel. 


in the a, 




zontract and was an 


sful exec 




' was agreed by MOR and 


Vive hits c' 




0, the corresponding 


:ed into -* 


3 -• > 


-ctor to Prochon. 
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ProChon is currently concerned that some of the protein samples cannot be tracked back to 
their expression clone in the correspond!: g 96 well plate: 



Prochon showed ELISA data with protein derived from the micropurified samples delivered 
by MOR which showed less binding activiiy to FR2 th on to FR3. rcGPGCt i vcl vt han the parental 
I^SPR059 , Some of these binders turne ' out to have the sequence of MS-PR059. After being 
again expressed and purified by ProChon ihese binders now also showed the identical 
binding pattern as the parental MS-PR059. Two different opinions concerning this finding 
were put fon^^ard: a) ProChon believes t*- ^t a mix-up of clones must have occurred and 
b) I^OR stated that different prepa -tior of protein can lead to different binding activities 
and it is possible that samples of the san 2 clone show different signals in ELISA. Thus, the 
ELISA signal is no proof of mixing up the samples. 

Lisa stated that a loss of activity of ^he r rropurified material (which contains 250mM 

cze thaw c /cle) could r ve led to the loss of 
A set-up not the correct method in order to 
iggested to use a k-off set up which is 
aration. Additionally, for comparison of binders 

and purified in the Sc^me way only, if possible 
proteins su opiied bv M orphoSvs were expressed 



imidazol and went through at least ' ^ 
binding to FR3 and especially FR2. 
quantitatively compare the protein: . 3h 
independent of impurities in a protein p; 
MOR recommended to use binders <?vnr 
even in one batch. The problem is i 
and prepared in the same way. Lik.. visr_ 
prepared in the same way. I^ost of 1 her 
demonstrated similar selectivity tov - 
made in l^orphoSys showed increas 
bound both receptors Nice 59. Whe n 
proved to be identical to that of th r^ 
correspond to the supplied Fabs- F ^ 
proteins on FR2 is stronger than t . ^ 
FR2 in ELISA cannot be correlated 
two proteins. 

Concerning a possible mix-up of c!c ^ 
up occun-ed at their side. Yet, in ce. 
side due to some manual steps in ^ 
the transfer steps were carried 01 1 
were used and a turning of 180'' v 
glycerol plate mirrored by lack of 
clones as for example for 137 anc 
microexpression could expiai 1 th^ 
96 well masterplate as this was u^t. 
expression plates. 

In any case ProChon also obtained t' 
output supplied as DNA. 



!' Fabs ma je in ProC h on were expressed and 
abs. irrespect of where they come from^ 
: 3 and FR2 yet o-ier-~ b ehaved differently: those 

^ those made in ProChon 
Diasmids of the later Fabs 
K erol stocks do not 
viry seen for some of the 
i \ 'he curves for FR3 and 
he parental clone to the 



i ficity tow 
ced, the j 
; clearly \ 
d that t: 
3. Lisa re 
he differe 



^ bss of o- r 
?ond:^d t'^^^* 
afTini'ies c 



c-th MOR and Prochon 
mix-up C'innot he e^' 

1. spill ovc 

:s and for 

/e been v 
the corn: 
I over fr. 

~.ny case 

owing up 



.e cu jjre: 



re quite sure that no mix- 
:ded to 100% at either 
ccurred. At MOR some of 
steps 96 needle advice 
ie empty wells in the 
n plate. For some of the 
:forethe 

must be present on the 
r inoculation of the 



nal 384 v'?J\ pl:^.? eir he complete panning 



MOR suggested to focus on the v- 
a more detailed characteri^a on, 
may reanalyze the 384 well - ?tt 
transfer the binders from th> 38 . 
re-screening. Lisa offered to send 



t 



identify additional affinity irn jrov^d 



'•ting mut" 
~ already 
mutant 
format 1 
jcol for 6 
of interf 



:!rr 



T^ 0 



-^Mfied so far and perform 
on. In parallel, Prochon 
' so far. Prochon can 
le format and perform a 

ranking-EaSA''tohelpto 



Miscellaneous: 
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MOR was surprised to hear from Av 
was to shift the specificity of MS-: 
pointed out that this is in con trad . 
the negotiated protocol (Apr ■ i idi 
fortunately, without optimizir.g t.'» . 
successful In identifying such bine . 
that were delivered by I^OR. 
Additional practical support as was 
panning output was denied by MC : 
3.5(b) \\ ELISA non-ranl<!ng yx-^-^ 
been and will be given. 
In summary: I^OR believes t'~:=t .• 
successfully whereas PrcChc ' 



'X in his opi. -on the qoai of the maturation project 
so : - ffinity to FGFR3. I^OR 
r hp. I of the project and to 
=0 ocol). Anyhow, 
C! . . ond I^OR were already 
::ty f i n the two masterplates 

g the screening of the 
:h program {appendix 
ientific support has 

been fulfilled 
onfirm this. 



her than 

lOR's or 
) EliSA (r 
jS for this 
improved : 

ed by Pro- 
is not p' 
y select " 

om app^ 
/scuss V 



.on c?ncerr::nq 



II. Discussion of the FRl, < 



anOIX SUmnlaiy OT Cn6 pc; 


. ; X Of r K ' . 


. n ^ \ ^.^-rc lOr procnon 


• primary nits on r ^ 


'1 4-Fc P~ . 


\''.. 1 i already Deen tested tor 


crossreactiviiy to an i 


otein ar 


I : body could be identined 


m uie primary LLioM 






• iNcAi Steps are con Si. k[. ■ . 






o DccuiiUdry be; 


iLILy CllcL 




o rucropurt . i : c 






• csumatea umeiirtc iO 


is projec- 


. « : L-'O' -^^oer, uj 


MViicr dsi\cQ wneLner uic pci :z\\- 


b IS LUi ) 1 


' c pannings. usa connrmeQ 


^hai* f'hic fACi il^ ic nrtrnr^l anr- 


jcF or |. 


5Qt give any inrormauon 


Ull Ulc llUillUcr Ul Ulll(.]U :^ 




Prorhon a^lcpd for ^hinn->pri- - 


3rJ hifc r 


.--JK. . UlC l/l L/CV«ClllUd/ VVIIIl.ll 


cannot be guaranteed by r ^ 


i worklo? 


: r; i chemistry group. In case 


there is a free slot MOR p"=i < 


;yro-seq=. . 


f i; c f ij:DR3 In order to check 


the diversity of the panr > - ^ 


Lhe micro.. ■ 


: -on. 


III. Discussion of tiie XH > ^ 






Avner is concerned that th^ < ' ^ 


nnly IHC r' '\ 


• of samples but no RNA 


measurements will not ^ ^ s 


• !id pui - ' . 


. : : .\ prefer to have the data 


confirmed by additional ^.r: 


agreed : 


ju\d be a ''nice to have" 


and that in fact this had b ? 


IS. Yet, 


umber of samples that 


had been available coul j r o- 


1 statistic: 


jIt and there were 


problems with the PCR : 


ot follow^ 


eople so far involved 


(from the university of Grc 


. ; (exORI?"' 


) had decided to send 


the data to a pathology j • 


: report, i - - . 


r - 3 are required. This was 


decided as there were no • . 


\ to do ad . 




Avner offered to do the ry ^ 


ysis at P. 


-3«;e fill In the name of 


the lab) in order to incr r ^ 


f the dctr . 


, '■ : ^mples/slides were 


available from ORIDIS/ i: ^~ . 


!d be pc ■ 


: Tipletely new series 


of IHCand RNAanalys v 


d in ore' 


' • . This means that 


ProChon would require i. le 


dHLXan 


? used for the initial 


study. Lisa will discuss / v,- 


nally an: 


: posal to Dr. Haedicke 
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